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ABSTRACT 

Row. charges  made  up  of  64-pound  spherical  TNT  charges  were 
detonated  in  one  instance  simultaneously  and  in  the  other  instance 

— a— time  in  sequence  for  combinations  of  two  spacings  and  three 
burial  depths.  Where  the  charges  were  detonated  one  at  a  time  the 
crater  volume  was  reduced  to  nearly  50  percent  of  the  volume  for  the 
comparable  simultaneous  detonation .  There  was  not  much  difference  for 
the  combinations  of  burial  depth  and  spacing  tested.  The  craters  from 
one-at-a- time  detonations  averaged  about  35  percent  larger  for  the 
greater  spacing  than  for  the  smaller  spacing  versus  only  about  10 
percent  difference  when  the  charges  were  fired  simultaneously. 
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COMPARISON  OF  CRATERS  FROM  ROWS  OF 
CHARGES  DETONATED  SIMULTANEOUSLY  AND 
ONE  AT  A  TIME 


« 


Introduction  and  Summary 

In  large  scale  nuclear  excavations  such  as  a  second  transisthmian 
canal,  it  may  not  be  possible  because  of  safety  considerations  to 
achieve  the  benefits  of  simultaneously  detonating  rows  of  charges.  If 
the  charges  are  fired  only  one  at  a  time,  what  is  the  penalty  in  terms 
of  degradation  of  crater  dimensions?  Does  the  degradation  vary  with 
burial  depth  and  spacing? 

To  answer  these  questions,  pairs  of  row  charges  identical  in 
burial  depth  and  spacing  were  fired  simultaneously  in  one  case  and  one 
at  a  time  in  the  other.  Rows  of  seven  64-pound  spherical  TNT  charges 
were  used.  Charge  spacings  of  6  and  8  feet,  and  charge  burial  depths 
of  5,  6,  and  7  feet  at  those  spacings  were  used. 

Crater  widths  were  slightly  smaller  for  the  one-at-a-time 
detonations.  Average  crater  depths  were  also  smaller  and  by  a  larger 
percentage  than  width.  Scaled  crater  volumes  for  one-at-a-time  deto¬ 
nations  were  reduced  by  nearly  50  percent  on  an  average  below  those  for 
simultaneous  detonations . 

If  one-at-a-time  detonations  are  to  be  used,  the  larger  spacing 
is  better  than  the  smaller  spacing  because  less  ejecta  is  dispersed  by 
being  directed  preferentially  by  early  venting  in  the  direction  of  the 
pre-existing  portion  of  the  crater. 


Background 

The  potential  use  of  nuclear  explosives  for  such  excavations  as 
a  sea  level  interoceanic  canal  contemplates  rows  of  explosives  divided 
into  sections,  each  section  being  detonated  simultaneously.  The  length 
of  each  section  would  be  predicated  on  the  maximum  permissible 


5 


single-salvo  yield  allowed  by  safety  criteria  established  for  the  site 
under  consideration.  Where  elevations  are  high,  the  yield  of  each 
explosion  in  the  row  will  be  large.  As  a  result,  the  row  must  be  short 
if  the  single- salvo  yield  is  to  remain  within  the  established  allow- 
able- -possibly  only  a  single  charge  can  be  fired. 

Early  work1,2  has  shown  that  the  full  advantage  of  simultaneously- 
detonated  row  charges  is  not  developed  if  less  than  6  or  7  charges 
are  in  the  row. 

Another  effort2  examined  the  crater  from  short  rows  (1,  2,  3, 
or  5  charges)  and  their  interaction  with  craters  from  a  nearly  compa¬ 
rable  number  of  charges.  The  results  did  not  exhibit  the  same  reduction 
in  cratering  effectiveness  for  short  rows.  More  recently,^  the 
possibility  of  firing  charges  one  at  a  time  (nibbling)  to  better 
accommodate  blast  and  seismic  safety  criteria  was  examined,  using 
charges  in  a  wide  horizontal  array  followed  by  a  row  beneath  the 
resulting  crater.  Because  of  backfill  from  subsequent  detonations,  the 
nibbling  technique  resulted  in  nearly  a  50  percent  reduction  in  crater 
volume  from  that  of  a  single  charge.  These  results  indicated  that  it 
was  in  order  to  explore  in  a  more  systematic  manner  the  degradation  of 
cratering  effectiveness  resulting  from  firing  charges  one  at  a  time 
rather  than  simultaneously--the  objective  of  the  work  described  herein. 


Experiment  Plan 


Spherical  TNT  charges  weighing  64  pounds  were  used  because  they 
were  available.  Each  row  consisted  of  seven  charges.  Since  row 
charges  ordinarily  would  be  employed  over  a  range  of  charge  burial 
depths  and  spacings,  it  was  important  to  examine  a  range  of  both 
parameters . 


Tables  I  and  II  show  the  combinations  of  spacing  and  burial 
depth  which  were  used  for  simultaneous  and  one-at-a-time  detonations, 
respectively.  The  intent  was  to  fire  one  simultaneous  and  one 
non- simultaneous  shot  for  each  combination  of  burial  depth  and  spacing, 
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but  as  a  result  of  misunderstanding  in  the  field,  no  non- simultaneous 
shot  was  fired  at  a  depth  of  5  feet  and  spacing  of  8  feet.  Instead, 
two  shots  were  fired  simultaneously  at  a  depth  of  7  feet  and  spacing  of 
8  feet. 


TABLE  I 

Spacing  and  Burial  Depth 
of  Simultaneous  Detonations 


Burial  depth 

(ft) 

5 

6 
7 


F 


Spacing  (ft) _ 


Shot  3,  Figure  3 
Shot  4,  Figure  4 
Shot  11,  Figure  6 


Shot  1,  Figure  1 
•>v 

Shots  2  and  5, 
Figures  2,  5 


“Data  supplied  by  a  crater  from  an  earlier  experiment  in 
which  the  spacing  was  9  feet. 5 


TABLE  II 

Spacing  and  Burial  Depth  of 
One  At  A  Time  Detonations 


Burial  depth 


F 


Spacing  (ft) _ 


5 

6 
7 


Shot  10, 
Figures  23-26 

Shot  9, 
Figures  19-22 

Shot  8, 
Figures  15-18 


Not  fired 


Shot  6, 
Figures  7-10 

Shot  7, 
Figures  11-14 


Crater  contour  mapping  was  accomplished  by  aerial  mapping 
methods,  using  an  aerial  stereo  camera  with  a  modified  focal  length 
to  accommodate  photographs  from  a  platform  suspended  from  a  crane 
boom  rather  than  photography  from  an  aircraft.  The  non- simultaneous 
shots  were  photographed  after  each  of  the  seven  charges  were  fired 
and  mapping  was  done  to  show  craters  after  detonation  of  shots  1,  3, 
5,  and  7.  Crater  dimensions  were  determined  for  each  of  the  craters 
mapped . 
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Results 


Crater  dimensions  are  summarized  in  Table  III.  # 

Crater  Width  * 

For  simultaneous  detonations,  there  is  a  clear  increase  in 
crater  width  with  deeper  burial  depth.  Where  the  spacing  is  larger 
the  crater  width  is  consistently  smaller. 

For  charges  detonated  one  at  a  time,  there  was  no  trend  with 
charge  spacing.  There  is  some  suggestion  of  a  wider  crater  with 
increased  charge  burial  depth. 

Crater  widths  for  one-at-a-time  detonations  averaged  only 
83  percent  of  widths  for  simultaneous  detonations.  The  difference  was 
greatest  for  combinations  of  7-foot  burial  depth  and  6-foot  spacing. 


TABLE  III 

Summary  of  Crater  Dimensions 


One-At-A-Time 


Simultaneous  Detonation 


Width 

Depth  (ft) 

Volume 

6  ft  Spacing: 

Ai a 

(Av) 

Shot 

(fo*) 

(ft  3) 

10 

5  ft  DOB 

1 

15.94 

4.90 

404.84 

3 

15.36 

4.24 

5.56 

811.75 

5 

16.20 

3.67 

5.12 

1196.82 

7 

16.28 

3.34 

5.10 

1495.80 

Shot 

_9 

6  ft  DOB 

1 

16.82 

4.25 

410.97 

3 

17.00 

4.53 

5.65 

819.93 

5 

16.79 

3.57 

5.14 

1207.05 

7 

16.77 

3.28 

5.10 

1522.32 

Shot 

_8 

7  ft  DOB 

1 

16.72 

3.97 

513.40 

3 

17.15 

4.27 

4.88 

915.56 

5 

16.65 

3.65 

5.20 

1262.26 

7 

16.50 

3.27 

5.04 

1556.15 

8  ft  Spacing: 

5  ft  DOB 

1 

Not  fired 

3 

5 

7 


Scaled 

Volume 

Width 

Ai* i 

Depth  (ft) 
(Av)  (Max) 

Volume 

(ft3) 

Scaled 

Volume 

(ft3/lb) 

Shot  3 

6.33 

4.23 

3.74 

3.34 

19.70 

5.38 

5.94 

2743.69 

6.12 

Shot  4 

6.42 

4.27 

3.77 

3.40 

19.84 

5.28 

5.92 

2724.05 

6.08 

Shot  11 

8.02 

4.77 

3.94 

3.47 

21.04 

5.44 

6.16 

3322.89 

7.42 

Shot  1 

18.29t 

4.53 

5.32 

2808.37 

6.27 

Shot  6 


6  ft 

DOB 

1 

15.96 

3.94 

354.44 

5.54 

3 

16.35 

4.23 

5.21 

1036.64 

5.40 

5 

16.37 

3.75 

5.38 

1610.26 

5.03 

7 

16.19 

3.35 

5.00 

2035.80 

4.54 

19.26 

5.03 

6.00 

3583.85 

8.00 

Shot 

_7 

Shots  2 

and  5 

7  ft 

DOB 

1 

15.42 

3.21 

317.84 

4.97 

3 

15.78 

3.98 

5.43 

965.50 

5.03 

5 

16.72 

3.87 

5.90 

1588.66 

4.96 

7 

16.84 

3.49 

6.03 

2088.76 

4.66 

20.12 

5.37 

5.79 

3760.47 

8.39 

19.70 

4.59 

5.38 

3158.23 

7.05 

^Dimensions  from  an  earlier  shot  with  a  spacing  of  9  feet  (Ref.  5). 
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Crater  Depth 

Average  depths  for  simultaneous  shots  were  smaller  for  the 
larger  spacing.  There  was  no  trend  with  burial  depth.  There  was 
trend  with  either  spacing  or  burial  depth  for  non-simultaneous 
detonations . 

Both  the  average  crater  depth  (averaged  between  end  charges) 
and  the  maximum  crater  depth  are  recorded  in  Table  III.  Maximum 
crater  depth  for  non-simultaneous  detonation  is  misleading,  since  the 
crater  is  always  deepest  at  the  location  of  the  last  charge  fired. 
Similarly,  average  crater  depth  of  non-simultaneous  shots  is  exag¬ 
gerated  since  it  is  increased  by  the  contribution  of  the  last  charge. 
Thus  if  a  crater  were  formed  by  a  non-simultaneous  detonation  of  a 
larger  number  of  charges,  the  average  depth  would  be  less  than  found 
here.  If  there  were  fewer  charges,  the  average  depth  would  be  more 
because  of  the  relatively  greater  contribution  of  the  last  charge. 

For  non-simultaneous  charges  average  depth  was  about  the  same 
for  all  spacings  and  burial  depths.  Maximum  depth  was  about  the  same 
for  all  spacings  and  for  all  burial  depths  except  that  the  8-foot 
spacing  and  7-foot  DOB  was  about  20  percent  larger  than  the  others. 

Average  crater  depths  for  non-simultaneous  detonations  were 
only  64  percent  of  those  for  simultaneous  detonations  on  the  average. 
Maximum  crater  depths  for  non-simultaneous  detonations  averaged  only 
89  percent  of  those  for  simultaneous  detonations.  The  average  was 
increased  by  the  fact  that  for  the  8-foot  spacing  and  7-foot  burial 
depth,  the  maximum  crater  depth  for  the  non-simultaneous  detonation 
was  greater  than  that  for  simultaneous  detonation. 


Crater  Volume 

For  simultaneous  detonations,  the  volumes  were  always  greater 
for  the  larger  spacing.  While  there  was  no  consistent  trend  with 
burial  depth,  an  increase  in  volume  with  increased  burial  depth  from 
5  to  7  feet  is  suggested. 

Crater  volume  was  always  greater  for  the  simultaneous  detonations 
than  for  the  non-simultaneous  shots.  Where  charges  were  fired  one  at 


a  time,  there  was  a  consistent  increase  in  volume  with  increase  in 
spacing  or  burial  depth.  Volumes  for  8-foot  spacing  were  significantly 
larger  than  for  6- foot  spacing. 

On  an  average  of  five  shots  of  each  type,  the  non- simultaneous 
craters  were  only  55  percent  as  large  as  the  simultaneous  shots.  For 
three  simultaneous  and  non- simultaneous  shots  of  6-foot  burial  depth, 
the  comparable  value  is  52  percent;  for  two  shots  of  each  type  at 
8-foot  burial  depth,  it  is  59  percent. 


Discussion 

The  crater  resulting  from  the  first  charge  in  the  one-at-a-time 
series  can  be  compared  with  craters  from  other  single  charges  in  the 
same  medium.  All  dimensions  were  generally  larger  than  those  of 
craters  from  comparable  earlier  explosions.  All  prior  data  suggested 
the  peak  of  the  volume  depth-of-burst  curve  should  be  between  5  and 
6  feet.  These  data  are  insufficient  to  warrant  a  change  in  the 
single-charge  optimum  burial  depth  from  the  5.4  feet  (for  a  64-pound 
charge)  noted  in  Reference  2. 

Reference  2  also  noted  that  the  optimum  crater  from  simultaneously 
detonating  charges  in  a  row  occurred  at  a  burial  depth  10  percent 
greater  than  the  optimum  single  charge  burial  depth  for  one  of  the 
charges  in  the  row  for  charge  spacings  which  made  a  channel  uniformly 
wide  and  deep.  This  is  comparable  to  the  6-foot  burial  used  for  some 
of  the  rows  described  here. 

For  simultaneous  explosions  Reference  2  had  shown  that  for  a 
6-foot  burial  depth  the  maximum  spacing  which  would  give  a  crater 
uniformly  deep,  with  maximum  efficiency  in  explosive  use,  was  about 
8  feet.  This  observation  was  behind  a  choice  of  8  feet  as  one  of  the 
spacings  to  be  examined.  It  was  anticipated  that  firing  the  charges 
one  at  a  time  would  result  in  smaller  crater  dimensions.  A  6-foot 
spacing  was  added  on  the  assumption  that  closer  spacing  of  charges 
(greater  energy  density  per  unit  length)  would  recover  some  of  the 
loss.  For  reasons  given  later,  it  now  appears  it  would  have  been 
better  to  have  examined  a  spacing  larger  than  8  feet  rather  than 
smaller.  When  the  spacing  between  charges  was  6  feet,  none  of  the 


10 


crater  dimensions  were  clearly  maximized  at  the  6-foot  burial  depth. 
When  the  spacing  between  charges  was  8  feet,  the  maximum  for  width 
occurs  for  a  7-foot  burial  depth,  average  depths  are  about  the  same 
as  6-  and  7-foot  burial  depths,  and  the  volume  for  two  7-foot  deep 
shots  averages  only  slightly  smaller  than  for  the  6-foot  deep  shot. 

All  simultaneous  shots  meet  the  criteria  for  a  channel  uniformly  wide 
and  deep.  These  shots  verify  the  criteria  for  line-charge  crater 
equivalence  laid  down  in  Figures  4.4  and  4.5  of  Reference  2. 

Where  the  charges  were  detonated  one-at-a-time,"  the  6-foot 
burial  depth  showed  a  slight  maximum  in  crater  width  but  volume  and 
depth  were  about  the  same  for  all  three  burial  depths.  There  were 
only  6-  and  7-foot  deep  shots  with  an  8-foot  spacing.  The  average 
crater  width  for  the  7-foot  shot  was  greater  than  for  the  6-foot 
shot,  depth  and  volume  were  about  the  same  for  both  burial  depths. 

The  volume  for  both  non- simultaneous  shots  with  the  8-foot  spacing 
was  about  35  percent  greater  than  for  the  two  comparable  shots  with 
the  6-foot  spacing,  even  though  all  shots  with  one-at-a-time  firing 
had  less  volume  than  comparable  shots  with  simultaneous  detonations. 

The  35  percent  difference  compares  with  only  about  a  10  percent 
difference  for  simultaneous  detonations.  Thus,  although  there  is  a 
disadvantage  in  cratering  efficiency  when  charges  are  fired  one  at  a 
time,  in  those  instances  where  it  is  necessary  to  reduce  seismic  and 
airblast  safety  problems,  it  is  better  to  use  the  larger  spacing. 

These  results  suggests  that  spacings  even  larger  than  8  feet  may 
further  reduce  the  disadvantage  of  one-at-a-time  detonations. 

An  interesting  aspect  of  the  differences  in  scaled  volume 
between  one-at— a- time  detonation  of  rows  with  6—  and  8— foot  spacing 
is  seen  in  the  progressive  change  in  scaled  crater  volume  as  successive 
charges  are  detonated.  This  is  illustrated  in  Figure  1.  The  single 
charges  produce  large  craters;  then  because  of  backfill,  each  additional 
detonation  reduces  the  scaled  volume,  but  by  a  decreasing,  amount. 

For  the  series  of  two  rows  with  spacing  between  charges  of  8  feet 
the  single  charge  craters  were  smaller  than  for  the  series  of  three 
rows  where  the  spacing  was  6  feet  for  reasons  not  understood. 


Figures  7  through  26  show  crater  profiles  and  topographic  maps  for  the 
charges _ fired  one-at-a-time .  Crater  profiles  for  simultaneous 
detonations  with  the  same  charge  burial  depth  and  spacing  have  been 
added  for  comparison  to  Figures  11  through  26. 


11 


(Single  charge  craters,  of  course,  should  be  the  same  regardless  of 
spacing  of  charges  to  be  detonated  subsequently.)  Subsequent  deto¬ 
nations,  however,  reduce  the  scaled  volume  by  smaller  amounts  than  for 
a  smaller  charge  spacing.  This  is  in  part  because  the  ejecta  at  a 
given  charge  location  decreases  as  the  spacing  increases.  More 
importantly,  it  is  because  at  the  closer  spacing  the  explosion  vents 
preferentially  toward  the  pre-existing  crater,  thus  causing  more  to 
be  deposited  along  the  axis  of  the  pre-existing  crater  than  in  other 
directions,  and  more  than  in  the  case  of  the  larger  spacing.  This 
is  consistent  with  other  investigations.  As  a  result,  the  possibility 
of  a  still  larger  spacing  than  8  feet  producing  a  more  optimum  crater 
from  one-at-a-time  detonation  may  exist.  An  optimum  crater  may  occur 
where  the  spacing  is  just  large  enough  that  there  is  no  venting  into 
an  adjacent  pre-existing  crater  before  venting  occurs  over  the  charge. 
Where  venting  occurs  over  the  charge,  ejecta  should  be  distributed 
with  nearly  circular  symmetry  and  there  would  be  little  or  no 
additional  ejecta  in  the  direction  of  an  adjacent  pre-existing  crater. 


Figure  1.  Change  in  scaled  crater  volume  as 
additional  charges  are  detonated 


Conclusions 


When  charges  in  a  row  are  detonated  one-at-a-time  rather  than 
simultaneously,  nearly  a  50  percent  reduction  in  crater  volume  occurs 
Differences  in  reduction  between  the  combinations  of  spacing  and 
burial  depth  examined  were  small.  The  results  suggested  that  where 
charges  are  fired  one-at-a-time  it  is  better  to  use  a  spacing  which 
does  not  permit  or  which  reduces  preferential  venting  and  ejecta 
distribution  down  the  axis  of  the  pre-existing  crater.  Consequently, 
spacings  larger  than  those  examined  here  should  be  explored. 


References 


Carlson,  R.  H. ,  High-Explosive  Ditching  from  Linear  Charges 
Project  Tobaggan,  Final  Report,  SC-4483  (RR) ,  Sandia  5  ’ 

Laboratory,  Albuquerque,  New  Mexico,  July,  1961. 

Vortman,  L.  J.  and  Schofield,  L.  N. ,  The  Effect  of  Row  Charge 

gpacing  and  Depth  on  Crater  Dimensions: . SC-4^U  ( RR )  Sandia 

Laboratory ,  Albuquerque, New  Mexico,  November,  1963. 

Vortman,  L.  J. ,  Craters  from  Short  Rows  and  Their  Interaction 
with  Pre-existing  Craters,  SC-RR-fefe- 524 .  .Sandia  LaEoratoryl — 
Albuquerque,  New  Mexico,  September,  1965. 

Vortman,  L.  J.,  Craters  From  an  Individually  Detonated 
Multiple-Charge  Array,  SC-RR-67- 7777  Sandia  LaBhTator?: 
Albuquerque,  New  Mexico,  1967. 

D*  Craters  from  Row  Charges  Interrupted  By  a  Dud, 
SC-RR-67-3 ,  Sandia  Laboratory,  Albuquerque,  New  Mexico 
February,  1967.  ’ 

aa<^  Hayes,  D.  B.  ,  Compilation  of  Crater  Data, 
SC-RR-65 - 220 ,  Sandia  Laboratory"]  Albuquerque  New  Mexico 
July,  1965.  5 


13-14 


APPENDIX 


Topographic  Maps 


NOVEMBER  1966 

COYOTE  TEST  FIELD  -  ALBUQUERQUE 
NEW  MEXICO 


NOVEMBER  1966 

COYOTE  TEST  FIELD  -  ALBUQUERQUE, 
NEW  MEXICO 


Figure 


igure 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


m 

CM 


Figure 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


SINGLE  64  lb.  O 


0  g  $ 
O  ^ 

Z  U  3 


c>  ^ 


f  r ui_  wmwMtz^-. 

Wmm*, 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


xgure 


o 


Figure  11 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


Figure  15 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


Figure  16 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


Figure  19 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


Figure  22 


Figure  23 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


Figure  24 


CRATER  FORMED  BY  SEQUENTIAL  FIRING 


5  *  ui 

^  10  2  s 


o  “ 


o 

z 


o 

Z 


5  j£ 

P  3 


<  ° 
U  <> 


o  In  Jo  cs  u 

<N  O'  O  O;  O  7 


*  jjj 


4-44 


§  §  § 


ill 

lls 


CNJ 


r~ 


b 


* 


6 


t 


% 


DISTRIBUTION: 

TID-4500 ,  UC-35 ,  50th  Ed.  (279) 

Brig.  Gen.  D.  L.  Crowson 
AEC/Div.  of  Military  Application 
Washington,  D.C. 

U.  S.  Atomic  Energy  Commission 
Dept.  Peaceful  Nuclear  Explosives 
Washington,  D.C. 

Attn:  J.  S.  Kelly,  Director  (25) 

Richard  Hamburger  (1) 
William  Oakley  (1) 

John  Philip 

AEC/San  Francisco  Opr.  Office 
Berkeley,  California  (5) 

G.  M.  Dunning 

AEC/Division  of  Health  and  Safety 
Washington  25,  D.C. 

P.  W.  Ager,  AEC/SAO 

D.  W.  King,  AEC/ALO  (2) 

U.  S.  Atomic  Energy  Commission 
Nevada  Operations  Office 
P.0.  Box  1676 
Las  Vegas,  Nevada  89101 
Attn:  G.  B.  Maxey,  Consultant  (1) 

T.  F.  Thompson, 

Consultant  (1) 

John  Rinehardt 
ESSA/IER 

Boulder,  Colorado  80302 
F.  L.  Smith 

Colorado  School  of  Mines 
Golden,  Colorado 

E.  M.  Purcell 
Harvard  University 
Cambridge,  Massachusetts 

Charles  W.  Martin 
201  T  and  AM  Lab 
Iowa  State  University 
Ames ,  Iowa 

Robert  V.  Whitman, 

Military  Institute  of  Technology 
Cambridge,  Massachusetts 

N.  M.  Newmark 
University  of  Illinois 
Urbana,  Illinois 


M.  A.  Cook 

Explosives  Research  Group 
University  of  Utah 
Salt  Lake  City,  Utah 

Eugene  M.  Shoemaker,  Chief 
Branch  of  Astrogeology 
Geologic  Division 
US  Geologic  Survey 
P.0.  Box  1906 
Flagstaff,  Arizona 

Ralph  B.  Baldwin 

1745  Alexander  Rd.  ,  SE 

East  Grand  Rapids,  Michigan 

J.  J.  Gilvarray 
Research  Laboratories 
Allis -Chalmers  Manufacturing  Co. 
Milwaukee ,  Wis cons in 

R.  H.  Carlson 

Boeing  Airplane  Company 

Suite  1707 

First  National  Bank  Building 
Albuquerque,  New  Mexico 

U.  S.  Army  Ballistic  Research  Lab. 
Aberdeen  Proving  Ground 
Maryland,  21005 
Attn:  C.  W.  Lampson  (1) 

J.  J.  Meszaros  (1) 

J.  G.  Lewis/j.  Kelso 
Hq/DASA 

Washington  25,  D.C. 

Paul  Russell 
Research  Director, 

Denver  Mining  Research  Center 
Building  20 
Denver  Federal  Center 
Denver,  Colorado  80225 

William  Hardwick 
Bureau  of  Mines 
Tucson,  Arizona 

J.  C.  Mark,  LASL 

W.  E.  Ogle,  LASL 

Paul  Kruger 

Dept,  of  Civil  Engineering 
Stanford  University 
Palo  Alto,  California 


43 


DISTRIBUTION  (cont) : 

University  of  California 
Lawrence  Radiation  Laboratory 
P.0.  Box  808 

Livermore,  California  94551 
Attn:  M.  M.  May/D.  Sewell  (1) 

G.  C.  Werth  (1) 

G.  H.  Higgins  (10) 

M.  D.  Nordyke  (1) 

W.  Slazak,  NCG  (1) 

T.  Schiffman 

Illinois  Institute  of  Technology 
Research  Institute 
Chicago,  Illinois 

Office,  Chief  of  Engineers 
Department  of  the  Army 
Washington,  D.C.  20315 
Attn:  R.  W.  Beene  (1) 

J.  H.  Tormey  (1) 

M.  D.  Kirkpatrick  (1) 

W.  E.  Clark 

Oak  Ridge  National  Laboratory 
Oak  Ridge,  Tennessee 

RAND  Corporation 
1700  Main  Street 
Santa  Monica,  California 
Attn:  D.  T.  Griggs  (1) 

H.  L.  Brode  (1) 

Stanford  Research  Institute 
P.O.  Box  725 

Menlo  Park,  California  94025 
Attn:  R.  B.  Vaile  (1) 

Carl  K.  Wiehle  (1) 

Chief,  Special  Projects  Branch  (2) 

Geologic  Division 

US  Geologic  Survey 

Federal  Center 

Denver,  Colorado  80225 

J.  A.  Hornbeck,  1 
T.  B.  Cook,  5000 
R.  S.  Claassen,  5100 
T.  B.  Cook,  5200  (Actg.) 

C.  R.  Mehl,  5230 
J.  D.  Shreve,  5234 
J.  W.  Weihe,  5250 
R.  A.  Bice,  7000 

B.  F.  Murphey,  7100 

C.  D.  Broyles,  7110 

L.  J.  Vortman,  7111 

M.  L.  Merritt,  7111  (5  DPNE) 


M.  L.  Merritt,  7111  (25) 

J.  W.  Reed,  7111 

G.  E.  Hansche,  7120 

H.  E.  Viney,  7130 

R.  K.  Peterson,  7132 
L.  E.  Hollingsworth,  7200 
B.  F.  Hefley,  8232 
J.  G.  Marsh,  3414 

B.  R.  Allen,  3421 
L.  C.  Baldwin,  3412 

R.  S.  Gillespie,  3413  (2) 

For:  H.  F.  Carroll,  USAEC 

C.  H.  Sproul,  3428-2  (10) 


44 


